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WHAT IS CLAIMED IS: 

1. A method of writing a light guiding structure inside of a bulk glass substrate 
comprising: , 

a) selecting a bulk g\ss substrate made from a soft silica-based material; and 

b) focusing a deep u\ laser beam within the material to a focus while translatmg 
the focus relative to. the substrate along a scan path at a scan speed effective to 
induce an increase I the density of the material along the scan path relauve to 
that of the unexposed material while incurring substantially no laser mduced 
breakdown of the ma\erial along the scan path. ( ' 



\ 
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2 A method as claimed iA claim 1 , wherein selecting bulk glass substrate includes 
selecting a bulk glass substrate ^ith a substantially homogeneous composition and a 
substantially homogeneous refractive index. 

3. The method of claim 1, wherein said softjSUica glass material has an annealing 

point lower than about 1350°K. 

\ /A 

4. The method of claim 1, whe«i\the sol silicaW material has an annealmg 

20 point lower than about 1 325°K. 

5. The method of claim 1, wherein the\aterial is substantially transparent to the 

laser wavelength. 

25 6 . The method of claim 1, wherein the soft \lica glass material includes a silica 

glass softening dopant. 

7. The method of claim 1, wherein the material Lludes a first softening dopant 
selected from the group consisting of GeQ 2 , B 2 0 3 , Al 2 k and P 2 0 5 . 



30 



8. The method of claim 7, wherein said material is homogeneously doped with 
said first dopant. v 
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9. The method 
nm. 



oLaim 1, wherein said laser beam has a wavelength less than 250 



5 10. The method of clahU wherein said laser beam has a wavelength less than 200 



nm. 



1 1 The method of claim 7 wherein said material further includes a second softening 
dopant different in composition from said first softening dopant, said second dopant 
10 being selected from the group consisting of Ge0 2 , B 2 0 3 , A1 2 G 3 , and P 2 O s . 

\ 

12. A method of claim 1, whereiUe induced increase in density provides a 
refractive index change of at least 1 xUO 

15 13. A method of claim 1, wherein ^induced increase in density provides a 
refractive index change of at least 1 x 10 1 




14. A 



method of claim 1 , wherein the glks substrate is free of germanium. 
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15. An optical device formed according to tV method of claim 1. 
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A method of writing a light guiding structure comprising: 
selecting a silica-based bulk glass substrate a material; 

focusing a below 300 nm laser within said substrate while translating the focus 
Ative to the substrate along a scan path at a scan speed effective to densify 
anduXuce an increase in the refractive index of the material along the scan path 
relative\that of the unexposed material while incurring substantially no laser 
induced br\down of the material along the scan path, said induced increased ^ 
refractive inde\can path comprising an optical waveguide core formed wrthm 
the bulk glass subW material with the unexposed material outside of the scan 
path focus providing\o P tical waveguide cladding surrounding said formed 
core. 
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V ,A A method as claimed in claim 16. wherein selecting said silica-based bulk glass 
material includes selecting a glass with a substantially homogenous 



composition. 

„ , method as claimed in claim 16, wherein selecting said silica-based bulk glass 
substra, Anaterial includes selecting a gl ass with a substantially homogenous refracttve 

index. 

10 19. A m\hod as claimed in claim 1 8 wherein said selected glass substrate has an 
optical index \omogeneity of An < 5 ppm. 
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A method of writL a light guiding structure in a bulk glass substrate 

comprising: \ 

selecting a bulk glass substrate made from ajilica-based material doped wtth a 
dopanfselected fan, theW consisting of B 2 0„ A1 2 0, and P 2 0 !; .and- 
focusing a deep UV laser \eam a, a focus within said substrate while translatmg the 
focus relative to the subs«ra\e along a scan pa* a, a scan speed effective to mduce 
an increase in the refractive W of the material along the scan path relative to that 
of the unexposed material whue incurring substantially no laser induced breakdown 
of the material along the scan pkth. 

A 

21 A method as claimed in claim 2 \ wherein selecting a doped silica-based 
material bulk glass substrate includes so Wng the silica-based material with a 

softening dopant. 

22 A method as claimed in claim 20 whVein said selected doped silica-based 
material has an annealing point less than abouV 1350 0 K. 

23. A method as claimed in claim 20 whereimsaid silica-based material is 
homogeneously doped with said selected dopant. 
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24. A method as claimed j&claim 20 wherein said silica-based material has an 
optical homogeneity of a| <^0 ppm. 

25. A method of making a three dimensional structure within an interior of a glass 

bodV said method comprising: 

\ providing a glass body, said glass body having an interior, said interior having a 
homogeneous composition and refractive index, 
Woviding a laser beam and a lense, 

coupling said laser beam into said lense to form a converging focused laser 
beam having a refractive index increasing focus, 

portioning said focus inside said glass body interior and controlling relative 
motion between said-focus and said.glass body, wherein said focus forms a raised 
refractiv(in^aveguiding core with£ said glass body, said raised refractive index 
waveguiding\ore for-guidinglight and cladded by said glass body. 

26. A me A as claimed in claim 25, said glass body having a first exterior side 
and a second extlior side, said first exterior side lying in a first plane, said second 
exterior side lyingVn a second plane, said second plane non-parallel to said first plane, 
wherein said wavegViding core traverses from an input at said first exterior side to an 
output at said secondWterior side. 

27. A method as claimed in claim 25, said glass body having a planar exterior base 
side, wherein said wave\uiding core tunnels in a plane non-parallel to said planar base 
side. \ 

28. A method as claimed^ claim 25, said method including forming a first raised 

refractive index waveguiding <W fied core P ath ' a seCOnd miSed refractive indeX 
waveguiding densified core path\ and a third raised refractive index waveguiding 
densified core path , wherein saidVird core is in a plane separate from said first core 

and said second core. 



25 

2 a A method as claimed in claim 25, said providing a glass body inciuding 
proViding a glass homogeneously doped with a glass softening dopant. 

30. \A method as claimed in claim 25, said providing a glass body inciuding 
5 providing a glass with an index homogeneity of An < 5 ppm. 

3 1 A mkhod as claimed in claim 25, said laser beam having a wavelength W, 
and said gAody having an m.emal transm.ssion of a, leas. 50%/cm a, X_ 
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32. A methcls claimed in claim 25, wherein said focus forms a refractive index 
increase of at least\X Iff 5 at 633 ran. 

33. A method as cined in claim 25, wherein said focus forms a refractive index 
increase of at least 1 X lV at 633 nm. 

34. A method as claimed^n claim 25, wherein providing a laser beam includes 

providing an excimer laser. 

35. A method as claimed ir^irn 25, wherein providing a laser beam includes 

20 providing a solid state laser. 

36. A method as claimed in c.aim\ 5 , wherein providing a laser beam includes 

providin^a"i93nrn excimer laser. 

, • J io;™9S vJlaerein nroviding a laser beam includes 
25 37. A method as claimed/in claim 25, wherein proviu g 

providing a 248nm excir^eVlaser. 

38 A method as claimed in claim 25, said m\hod including forming a firs, raised 
refractive index waveguiding densifted core and aWd raised refracdve index 
30 waveguiding densified core wherem guided light is \p.ed from said first core to satd 

second core. 
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A method as claimed in claim 25, wherein said method includes forming a 
.^length division multiplexer for multiplexing a plurality of optical wavelength 
channV said forming including forming a plurality of waveguiding core inputs for 
separated inputting the plurality of optical wavelength channels, forming a 
multiplex\ g region for multiplexing said inputted channels, and forming an output 

waveguidinV e for OUt P Utting ^ multipleXed 




